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BIOPHYSICAL IRVESTIGATIONS ON THE INHALATION OF RADIOACTIVE AEROJOLS*

From the Max Plank Institute of Biophysics, Frankfurt on Main
(Professor Dr. B. Rajewsky, Director)

* Dedicated to Professor Dr. H. langendorff on
his 60th birthiay

by Professor Dr. A. Schrsud

Forschritte der biologischen
Aerosol-Forschung-Jahren 1957-1961, pp 317-334

In the lecture you have just beard, Dr. Herbst reported to you in
detail on the contamination of the environment by radiocactive fiassion
products from stomic tests. Ae a result of this contamination, the
entire population of the world iz exposed to increased radiation; the
resumption of nuclear tests on a larger scale than hitherto is liable
to lead to increasing danger from radiation. The effect of this
radiation essentially consists of two parts involving different
mechanisms., First, ve have an external radiation effect which is
caused by the gammm-irradiating fission products which are deposited
on the ground; second, we have an internal effect which develops
because raiioactive nuclides are taken into the uman dody on the one
hand through food and drinking water and on the other hand through
inhaled air. As we have seen, internal radiation, due to fission
producte ingested with food, is by far more serious here.

As a result of nuclear tests, vast amounts of fisaion products are
released into the atmospbere and strmatosphere and after a period of time
return to earth in the form of fallout; om the otber hand, we ars trying
very bard to prevent radicactive substances from escaping in operating
our peaceful atomic energy program and in running our nuclear reactors.
The regulations on the protection of the population against such
radiation are so strict and the fines are so heavy tlat both the producer
and the consumer of vadioactive substances are doing everything they can
to prevent accidents. Very highly developed automatic filtering systems
stop even the very last traces of radistion; and if this should no
longer be possible for technical reasons, then the particular substances
are diluted so that there will be no danger to man or animal.

Of course, tbhe protection of people working with nuclear reactors,
"hot laboratories,” and other nuciear facilities is much more difficult
because these people must handle radicactive substances as part of their
Jobe. But here too we can protect ocur people by training them very
carefully, by taking a number of safety measures, and by getting everyone
to observe regulations governing the handling of equipmwent and substances;
ag a result, we f£ind that there is no major exposition to radiation
during normal operation. But even in case of unforeseen emergencies,
danger from radiaticn can be controlled or avoided; on the other hand,
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despite all precautions, there is always a possibility that gaseous or
aerosol-form radicactive gubstancea can escape in linited areas and cau
be inhaled vithoat being spotted (Muth, H. and A. Schraud (32)).

Apart from these accidents, ve can in some cases not prevent room
sir from revealing a smal) amount of contamination. This applies above
all to our uranjum and thorium mines and processing enterprises. Of
course, the lav must allow for a certain amownt of occupational hazard
for people vorking in such plants, so that the criteria hare will de
less strict than ve must bave them for the protection of the population
as a whole. To vrctect our health, we must mmke sure that the
"maximun permissidble concentrations” of radicactivie nuclides in the
air will be so determined that there vill “reliably” be no danger to

_man. In addition ve muet know when ve have this "safety” factor;

ever since the start of our work with radiocactive substances, our main
concern in all radiation-biological research laboratories throughout
the world has been the determination of this maximum permissible
concentration. We cannot go into the difficulties encountered in
estimating %he significance of the various individual factors which
Dlay a roles bere, such as life of the particular nuclide, type and
energy of emitted rediation, type of incorporation, etc.

In our case, it is owr tesk to determine the boundary value of
the concentration of radioactive substances in room ailr so that people
¥il)l be able to work in this air during vorking bours or however long
they must srtay there -- and in the extreme case of course for a whole
lifetime -- without there being any kind of damage to bealth. The
standards for the populaticn as a whole must be established even lower
because in this case we must also consider the genetic comsequences.
For some very obviocus reasons we of course cannot mke experiments with
human beings; ve must therefore find other methods of determining the
foundations for our estimates of these boundary values; I would like
o shov you tonight how any kind of lmowledge, no metter how modest,
mey belp us in increasing owr reliability in the determination of
these limits. It is precisely this problem of tbe inbalation of
radiation-containing air which, almost in a ~lassical fashion, shows us
hov we have been trying to get the needed information by various methods.

The first indication of course is furnished fcr us here by nature
Lerself. You all knov that the earth's crust has a uranium and thorium
content which varies, depending on geological conditions. These
elements are the basic components of the two most important natural
radiocactive decay series (figures 1 and 2), each of which develops a
gasecus intermediate component, the so-called emanation, while all
other members are metals. As a consequence, this emanation (Radon and
Thoron) can spread from the place wbere it originates in the earth
tovard the earth's surface and into the air itself. This is the origin
of the ever-present natural "contamination” in atmospheric air; near the
ground, it 1s about 10-13 ¢/1 for both emmnations. In this radicactive
atmosphere, man has been living for hundveds of thousands of years,
arparently without suffering any damage .
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Figure 1. Decay scheme of the U-238 series: abscissa -- atomic
number; ordinate -- neutron number. (The diagonal arrov shows the
increasing mass number of tbe terms running in a direction opposite
to the alpha decay.) Particularly long half-life periods ( > la)
have been underlined. The decay stages shown in dashed lines do
not play a role in our considerations here because of their small
probability.
Key: {(a) (neutron number)

v) (mass number) M

(¢) (stomic number) Z (prot.)

(a) stadble
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Figure 2. Decay scheme of the Th-232 series (for explanation, see
caption, Figure 1).

The counterpart to this -- an air space with considerably higher
Radon concentration which quite obviously is bound to have some sort
of damaging effect on people living and working in it -- would be
the air in the mines at Schneeberg and St. Joachimsthal. These
nines are located or the German and Czechoslovak side of the
Erzgebirge Mountains; in the past, there were silver mines here
and later on, after the silver velins gave out, various ores
(Schneeberg) and uranium (St. Joachimsthal) were mined here. The
men in this area have been making a living as miners for centuries
although it had always been said that the "air in the mines
destroys the lungs of the miners.” After a miner has been working
in the mines here for about 20 to 25 years, that is, below ground, :
he gradually experlences increasing difficulty in breathing until
he finally is unable to continue working underground. A few years ’
after be has been thus disabled, he dies of consumption.
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In 1879, long before redicactivity was discovered, Haerting and
Hegse (7) published their obduction findings on 20 miners in the
German section of the area; about 75% had "lumphosarcoma of the lung,"
a diagnosis which later was changed to "primary carcinoms of the lung.”
At the time, the mines were under Austrian administration on the other
side of the mountain; the Austrian authorities were unable to confirm
these findings with regard to their miners. About LO years later,
Marg. Uhlign?%) tackled this problem again for the Czechoslovak Mina
Administration. Several years later, the new chief of the Radium
Instituie in St. Joachimsthal, Mr. Pirchan (24), was able to obtain the
same results ou the basis of his own investization; Czechoslovak
President Masaryk set up a commission which vas charged with investigat-
ing this entire problem.

In 1936, the then "Committee for Cancer Control" created a sub-
committee under the direction of Dr. Brandt which was charged with
studying this problem. X-rey examinations on miners were made by .,
Saupe, Buckup, and Heiner and the sections were made by Hueck. The
biophysical aspects, particularly the determinstion of the mine status,
wore handled by Rajewsky (the author participated in this investigation).

The results of this investigation, in brief, vere the following:
It was very difficult to make a diagnosis on the basis of an X-ray;
on the other bmnd, obduction findings essentially confirmed the
findings of earlier years. Table 1 shovs the results of investizations
mede by Heiner on 58 deceased miners.

TABLE 1. SECTION FINDINGS (DR. HEINER) ON 58 MINERS
IN ST. JOACHIMSTHAL AREA

Cause of death Nuzmber of Desths
Carcinoma of respiratory organs 27
Heavy dust contamination of lung 13
Lung tuberculosis 12
Other illnesses, accidents, suicide 6

Tbe Radon concentretione -- in agreement with earlier measurements
(Behounek (13, 1h4)) -- were thus between 10-10 and 10™° 8 ¢/1 (Table 2).
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TABIE 2. RADLOR CONCENTRATIOR IN MINE AIR IN ENZGEBIRGE MINES

Radon Concentration in

Hame of Mine 10"10 C/l
Schneeberg district
Neujahr mipc 1.5 to 16
Welasser Hirsch mine 12 t0 25
Schrot mine 6 to28
Beust mine 11 to k2
Siebenschlehen mine T to 550
Johanngeorgenstadt district 8 <toak
St. Joachimsthml district
St. Edellsut mine 0.k to 15
EBinigkait mine 2.2 to 35
Werner mine 1.8 to 50

The dust in the mine air proved to practically inactive so that --
out of all the varjous possibilities for the development of Schneedberg
mning sickness (radiocactive dust, arsenic hydride, algae, etc.) which
had been discussed earlier -- only the possibility of increased Radon
content wvas most probeble.

The next thing thet hed to be done was to prove that sufficiently
long activity of the breathing organism in a Radon-containing atmosphere
actually leads to the changes that had been found in the respirastory
tract. In & series of laboratory experiments using mice, Rajeweky and
associates (26, 27, 28, 29, 31) succeeded in producing such changes in
the respiratory tract of the animals. The animals lived without
interruption ip airtight inhalation chambers, vhich vere correspondingly
air conditioned and which contained constant Hadon concentmatione, until
they died. The weight and blood condition of the animals were
crmptantly checked and tissues changes in the respirator tract of the
deceassd animals vere examined. As was to be expected, it turned out
that the average life expectancy of tbe animai series decreases as the
Radon concentration increases. It is particularly important here to
realize that tumor formations in the respiratory tract could be
cbserved only in those animal groups which lived in the lowest Radon
concentration used (about 10-0 c/‘g ard whose average life duration
vas about 200 days. At higher Radon concentrations, that is to say,
in case of shorter lifetime, there was apparently not enocugh time for
the development of e tumor.

Table 3 shovs the result of the pathological-histological

investigations. (Tbe pathological-histological investigations were
conducted under very difficult wartime conditions by Kahlau. Recently,
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the preparations of Hug and Unnavehr vere again examired thoroughly.)
Out of a total 36 animals, the following findings were obtained:

2 pavement epitbelium carcinoums, 9 adenomas, 3 malignantly deformed
adenoms, 2 malignant blastoms of lymphoid character, 2 fibromas,
and 2 thyroid adenomes.

TABLE 3. BREAKDOWK OF R CASES AS A RESULT OF CONTINUED
INBALAL108 (1.5 x 10°O) BY SURVIVAL DURATION (NICE)

No. of Animals with

No. of Animals Survival lung reports
6 0-100 days 1
1 100-200 days 2
6 200-300 days 3
7 300-400 days 3
3 Over 40O days 3

Due to lack of time, the volume of availsble animal material is
rather limited; nevertheless, Table 3 shovs that the frequency of tumor
increases along vith the time during which the animals resisted the
effect of Radon. Of the 16 control animels, which under otherwise
identical conditions lived in Radon-free cages for about the same
preriods of time, only one had a lung adenoma.

Apart from the limitation mentioned above and apart from the
continuing doubt about the applicabiiity of such results to man, there
is one more consideration which we must take up: The Radon concentrations
used in the animal experiments vere higher by a factor of larger than
100 than those in the mines. On the other hand, one might cite the
ergument that the time in tbe casse of the miners was about 30 to 40 as
long. But ve have a second argument here vhich we are now going to
discuss in greater detail. A few years after the war, the same
ingtitute resumed its investigations with raden (Rajevskiy, Schraub,
Aurand, Jacobi, Reinholz, Wirth, Belloch-Zimsermann (1, 2, 3, 15, 16, 17,
18, 19, 21)); this was done with the intention of studying the behavior
and distribution of the noble gas Radon in the organism; this gas was to
be studied both after oral administration (aqueous Radon solution) and
after inhalation of Radon-containing air. The idea was to try to
calculate the radiation resulting hece on the basis of the Redon
concentrations found in the individual organs and tissues.

In thia comnection, investigators had a chance to make guccesaful
use of the method mentioned by Rajewskiy (29) which makes it possible
to render the distribution of the &as Radon measurable and visible even
in mjcroscopic ranges. To this end, we kill the animel to be examined
and we imsediately place it in liquid air vhere it remains until the
Radon has decsyed completely (after ebout 6 weeks). By then. the
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aseous Radon has turned into the no longer diffusible RaD (Fb-210)
gee Fig. 1). Now we can prepare the organs and tissues ve are
interssted in here after the body of the anima)l has thawed out; then
we can determine the RaD content, for instance, by means of the

47 keV-gamm line of the RaD; this Radon content is after all
strictly proportional to the Radon content at the time the animal is
placed in liquid air.

Similarly, we can prepa.e histological sections (of the entire
an‘mal or indiriduasl organs) ans we can make the macroscopic and
microscopic distribution visible with the help of autoradiography.
The degree of blackening, caused by the beta radiation during the
decomposition of RaD and RaE (Bi-210) is then a measure for the
Fadon concentration which was originally present in this place. As
the preparation gets older, the last radiocactive after-product of
this series (Po-210) increases gradually so that even its alpha-
radiation contributes to the bargaining.

Fipgure 3. Photographic image Figure k. Autoradiographic image
of a T0-as section through a {rocen rat below the thora::; the rat had
inhaled Radon-containing air for 10 minutes prior to its death. The
heavily b .aclened places correspond to fatty layers with high Radon
content.
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¥.-ures 3 and !' represeni the rncroscopic photofraphic,
respectively, autorzdiographic imne of the section surface of a rut
dissected perpendicularly to the axis of the body; this rat had
inhaled Radon-containin~ ~ir in a concentration of 5 x 1077 ¢/cu m
for & period of 10 minutes before its death. Tracer radiogrephy is
particularly suituble for microscopic ranges because here we can
cclculate the oririnal Radon concentration in each place along the
section on the basis of the area of origin and the density of the
alphe traces (Figure 5).

Figure 5. Tracer-autoradiography (stripping method) of a& stomach
section (stomach entrance). During subjective observation through
the microscope we can easily determine the place of origin of every
alpha-trace by turning the micrometer screw. Most of the traces
come from the mucosa and the stomach content.

The results of these investigations we haod made and of the
other investigations (Nussbeum and Hursh (23)), which were obtained

by a different method, can briefly be summarized as follows: the

chemically inert gas, as expected, does not undergo any selective
enrichment in the organism which is caused by metabolism. Only the
fat reveals a considerably higher sciubility and thus an earichment
in Radon which may amount to as much as 2C- and 30-times the value
for the remaining soft tissue.




In the course of our investigatic+s (Aurand and Schraub (1)) on
Radon distribution after oral administration, we found quite clearly ) ‘
that the short-lived and long-lived after-rpoducts of Radon, introduced 1
with the Radon solution, play a dominant role, depending on the age of .
the solution, in the extent to which the various organs and tissues are
hit by radiation. We found confirmation for this in the results
reported by Bollcroft and lorenz (9, 10). In an analogous fashion, 1t
vould gseem that similar considerations would alsc have to apply for
inhalation; as a matter of fact, as we shall see right away, thie
should apply even more so here.

The intake of the noble gas by the breathing organism represents
a satiation process which, after attaioment of the solubility balance,
< is terminated; on the other band, the intake of the decay products of
: the Radon, present in the air, involves a different mechenism. During
.every breath, the respiratory tract, like a filter, ratains a certain
portion of the inhaled radiocactive nuclides on its surface; the amount
of this portion depends on a number of factors; we remember this, of
courge, from the usual intake of aerososls. As a matier of fact, this
is the same mechanism because these after-products generally are :
located right next to the air aeroscl. An exception here 4is the o
aerosol-poor atmosphere of RaA into vhich Radon atom is converted in .
connection with its alphs decay. It exists as a single atom or single
ion in the air space and there is very little probability that it will :
find an aerosol partner during ite sbort average lifeti = (about .
4.5 minutes).

From our experiences in dusty control we know thet this continual :
collection, which theoretically would bave to lead to unlimited deposit
formation, counteracts the selfpurification mechanism of the :
respiratory tract. Insoluble particles are almost without exception
transported back by the cilia apparatus of the broachial branch and :
are then eitber expelled by coughing or are svalloved. The rest is f |
phago . Soluble particles, on the other band, are either chemically :
bound (for instenca, by proteins of local fixed cells) and are thus
bell in place or they get into the dlood stream through resorption
+ ~ and are transported, depending on their chemical properties, into the

various organs ard tissues ar a result of metabolisu. i

These considerations also apply to the inhmled after-products of ' s
Radon, whareby RaA acsumes a special position for the reasons mentioned ’ .
esx:ier. The accumulated nuclides either go the way of the carrier i
aerosol or, if this is possible (and here we need further investigation), o
they are removed from the carrier aerosol in the chemical environment !
of the bronchial secretion and can then continue to react chemically.

17 these counsiderations were not correct, then it should be
Docsible to make comparative experiments on animels, using serosol-poor




aiw, o2 the one bexd, and heavily asercsol-combailning aln, on the obhe
hare. s these experiments should enable us to establish the 31i%exlug
re30rpslon which we must expect bere. Above all, there woull bar: 5o
be certain consequences arising from the viewpoiat of radiation
rotection. We found confirmation for these ideas (Aurand avd Sclhrau®
35)) in a memorandum by Bale and Shapizo (I, 5, 6) where thess
possibilities and their consequences for labor hygiene in uranium-
containing mines and uranium processing facilities were pointad out.
Tpeoyetical considerations (Bale and Shapizs {6); Hariey (8); Schraub,
Aurand, and Jacobi (35, 17)) indicate that, under certain condiiilons,
the radiation hitting the lungs for instance car., in the extmoeme caze,
be as much as & thousand times stronger if Radon-containing s’ is
inheled in balance with the after-products; this is in conbtyasb %> the
case of inhalation of air with the same Radon conzentration wkickh however
doesg not contain any after-products. However, we can expect grestly
differing radiation amounts for an atmosphere that contains many sfh=r-
products and an atmosphere that contains few if any afizr-profiucts alse
for other organs and tissues of the organism on account of the
previously described possibilities of resorption in the iung and in
the stomach and intestinal tract.

On the basis of preliminary experiments (Aurand, Suhrmsul, Jacohi
(11, 18)) we made sure that, despite the sbort 1life of the perrineins
tound here (see Figure 1), it is still pessible to prove thei:
migration iu the organism in connection with Redon irkalation: tlen
we aleo succeeded in separating the direct reso-ption in the Lung fom
the stomach and intestine resorption of the swallowed portion
(Figure 6). During these investigationz, we vsed the ionger-iived
Th3 (Pb-212 with 10.6 hours half-life) 7rom the Thorium series
(Figure 2).
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after inhalation of Th B.
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gpecific activity in percent of these specific
lung activities;

duration of inhelation 1.5 hours;

specific lung activity equals 100%;

duration 02 inhalation 15 hours;

small intestine;

muscle;

liver;

kidney;

bones.
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Figure 7a and Tb. Time record of gamme activity in various mouse
organs after the animal has been in a Radon atmosphere containing
very little in the vay of after-products (1 : 0.6 : 0,1 : 0.02)
for a period of balf an hour and one hour. In case of balance in
the atr (1 : 1 : 1 : 1), that is, when we have a 1.6-fold Raed, 8
10-fold RaB, and a 5-fold RaC concentration, the curves start at
correspondingly higher initial values and then drop more abruptly
toward the Radon values.
Key: (a) gpamm-activity (relative units); (b) kidney;
¢) muscle; (d) time after start of section (mibutes);
(e) lung; (f) intestine.

-13 -




ST TR TRET LT

B L LT

(I want to express my deep thanks to my former colleagues
Dr. Aurand and Dr. Gerber for helping me with this difficult
project.)

Studies on the behavior of after-products of Radon (Schraub,
20) are therefore not so easy to conduct experimentally bacause, due
to the sbort lifetime, the preparation of the organe and tissues ve
are interested in here must be accomplished very quickly. Right
after that, ve must determine the time-wise activity of the orgaums
by recording the gamma-emission of RaB and RaC. By analyzing this
curve, ve can calculate the content of the sample as regards Radon,
ReA, RaB, and RaC at time zero (time of death). Figures 7a and b
shovw an ¢xample of the time-wise activity for a nurmber of organs of
animals which lived in a Radon atmosphere having the following
after-prcduct composition. Radou: RsA: RaB: RaC = 1:0.6: 0.1 : 0.02.
The graph shows the curves for ~~ 30 and 60 minutes of inhalation.
Here the end value, into which each curve runs, is a measure for the
Radon content, while the amouni and course of the curve in the
veginning is determined by the series partner. (If we had a balance
between Radon and its after-product or series-product, we would
1llustrate that with a straight line running parallel to the time
axis; if the after-product were lover thanm this, we would have a
curve rising from lower values toward the Radon end value. A drop
of the curve from high initial values thus means that we have a
strong excess of after-products.)

Here are the most important facts emerging from tbese experiments.

1. Quite apart from the fat, the values for the Radon content
of the various organs and tissues do not differ greatly. This
confirms the results of Russbaum and Bursh and our own "freezing
expeyiments.”

2. The very high initial value for the lung quite convincingly
ghowe the high deposit of after-products found on the lung.

3. After one hour of inhalation -- that is, when vwe have roughly
a balance in the movement of after-products -- the other tissues also,
in part.  contain considerable quantities of after-products.

4, Under tbe conditions of after-product enrichment in the air,
4iszussed above, we get particularly high values for the content of
after-products as far as the kidney and the stomach and intestinal
trant are concerned. But this means that these organs are
varticuiarly hard hit by radiation. As far as the kidney is
conserned. Morken (36) was able to prove this also quite recently.
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Using this method, we are in a position to calculate the radiation
load for each organ.

These investigations (the results were presented cn the cccasion
of the "International Congress of Radiation Research” in Burlingtor,
U.S., 11-15 August 1958) were conducted in the same inhalation
chambers as the continuous inhalation experiments we mentioned earliex.
But this means that the changes in the lung, in the case of our
experimental mice, came about in an atmosphere which was almost
comnletely free of after-products. On the basis of measurements taken
in uranium minea (Tsivoglou, Ayer, Foladsy, 33; Aurand, Jacobi, Muth,
Schraub (unpublished)) we 'now that we must expedt a considersbly
higher after-product content there; the short-lived RaA is always ir
balance with the Radon; the RaB, depending on the intensity <f
ventilation, reachas values of 60 and 80%; RaC reaches 30 and 50%.

We can estimate theoretically hovw great the after-product accumulat’ Hn
would be in the respiratory tract and hence aleso in the other organs
if the experinental animsls in Table 3 had lived in such an
atmosphere. Depending on the prevailing ccnditions, we can then
calculate the radiation dose output which are higher by e factor of

10 to 100.

On this basis, we can assume with good Jjustification that the
changes in the lungs in our continucus experiment could have been
achieved with correspondingly lower radon concentrations if the
animals had lived in an atmosphere where the after-products were in
balance. Of course, we cannot prove this assumption conclusively
unless vwe repeat those continued inhalation experiments under the
conditions mentionad. It would be desirable to conduct this
experiment -- which of course requires a considerable expenditure in
the way of time and personnel - with a sufficiently large number of
animals and to include it in our program.

We can experimentally confirm this assumption on tbe basis of
the results of a number of short-term inhnlatio. experimente which
wera conducted sometime ago for a different purpose. Figure 8 show.
the results of these experiments (Schraub 20, Morken 12) in which the
arimals (mice) lived in Radon-containing air, at correspondingly
Fighe- corcentration -- for a period of only 6-8 hours. The curve
ls%elled "Rn" represents the survival time as a function of "Radon
dose.” The abscissa values are the product of the Radnn conrcertra-
tior. and the exposition time and give vs a measure for the average
radia*t’or dose which takes effect. This curve was obtained in
Pras -izally after-product-free Radon air. In comparison to this,
we plotted two of our own (Schraub and Belloch 20) experimental
pxints and three other points (Kushneva 22) from experiments which
were made with a heavy content of after-products (near tie balar:ze
value), We were able to 4o this in our experiments by cutting off
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cage ventilation; by spreading the drying agent and the soda lime over

a large area in order to eliminate COp; in thie manner we obtained sir

conditioning effects with minimum convection. As a result, the :
developing decay products were separated along the pege walls only in Y
very small amounts, that is to say, most of them remained in the alr. o
The results of these experiments can only be interpreted by saying :
that, if the radon concentration remains constant, the presence of the

decay products in the air leads to a considerable shortening of the

lifetime of the animals. In other words, this means +he following:

To get the game survival time, we only need one fiftieth to one one-

hundredth of the redar concentration, if the experimental conditions

are such that a radioactive balance can be egtablished in the air.

Applied to our continuous inhalation experiments, this would wmean

thet our earlier assumption would be confirmed; the Radon concentra-

tion required for the proguction of the lung changes we achieved can

be estimated at about 107° ¢/1, provided of course that this

conclusion 18 also appliceble to the changes that have occurred in

the lung. But this brings us very close to the Radon concentration

we can find in Table 2 for the uranium mines.
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Figure 8. "Bn" curve. Effect of shosrt-term (6-8 nours) Radon
inmalation on the survival time of mice. (Atmosphere practically

free of after-products.) The experimental points indicated by crosses
and double circles were obtained in an atmosphere which was rich 1n
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after-products (see text). The "R3" curve represents the analogous
dependence vhen the entire body is irradiated with X-rays.
Key: (a) survival time in days; (b) normal lifetime;
{(c) X-ray irradiatior dose; (d) "Radon dose";
(&) Rn short-term experiments, without after-products
: Morken, US, 1955;
Rp short-term experiments, without after-products
Schraub;
Rn short-term experiments, with arter-products
Schraub and Belloch;
same, Kushneve and associates;
R8 X-rey short-term experiments Rajewsky and
associates;
Rn continuous experiment, Rejewsky, A. and E. Schraub,
and Kahlau, 1940-1944,

In conclusion ve might make a few remarks on the guestion of the
actual radiation doses. A rough estimate of the actually effective
radiation dose in the respiratory tract of the miners at Schneeberg
during a period of 25 years of work underground led to a value of
approximately 20,000 to 30,000 rem; here, a value of 10 has been
assumed for the relative biological effectiveneas of the alpha radiation
vhich, in this particular case, is practically the only kind of radiation
that is significant. A similar estimate of the total radiation uose in
the respiratory tract of animals with tumor used in the continuous
experimentes would give us a figure of approximately 30,000 rem. Of
course, these estimates are rather uncertain so that this numerical
agreement is not too significant. We cculd not make any definite
etatements un*il further animal experiments have been conducted under
vell-definsd conditious.

In this article, we were trying to show how biophysical research
is t~ying to compile material in order to determine the "maximum
pemissible concentrations” of radicactive substances in the air and
to confirm or correct values that have been established eariier: the
szme also applies to the contamination of food and drinking water.
<n *“his connection it is interesting to point out the values for Rador
2on tentration which are specified in the "First Radiation Proteation
Regulation” of 24 June 1960.

Accsrding to Appendix 2 of this reguiation, the protection of
people working in enterprises in which Radon can escape into the air
talls for a working week of 4O hours in a Radon concentration of
3x 107 ¢/1 (2 3 x 208 Mc/eu Sm) as mximum value. If we
aesume an average value of ¢ x 107 ¢/1 for the air in the mines at,
Schneeberg and St. Joachimsthal, then the currently maximum permissitle
value would be 1/100 of this concentration. This safety factor of 10C
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18 certainly adequate. Using the above value, we would get about 10 rem
for this maximum value of the Radon concentration as radiation losn on
the respiratory tract cf peopls working in uranium mines and processing
plants. However, we must remember “hat this estimate vas made on the
Yasis of the assumption of unfavorable conditions as regards the
atmosphere in the mines (regulation, degree of eurichment of after-
products in the air, size of particles of aerosol, etc.); therefore,
this value is certainly on the safe side vith the factor of 2. This
repregents a satisfactory experimental confirmation of tha equivalent
of the requirements in Article 25, Paragraph 3 (5 rem/s) with the

Radon maximum concentration in the Appendix 2 of the Rediation Protection
Regulation.

We nov wvant to point out obe more thing here. Article 34, Para. 1,
spaﬁties that air leaving controlled areas must not contain more than
10712 ¢/1. This requirement is a little bit too strict if we consider
that t!?i normal concentration of Redon in atwospberic air is 0.3 and
3 x 10 3 ¢/1 -- and if ve can prove that there are areas in the world
and that there sre rooms in buildings of & certain type in which 10-12 ¢/1
are by no means rare. It is to be expected thmt, sometime in the future,
when we have more data, the competent authorities will suggest that this
value be raised. Of course, the protection of man is an absolute top

_ priority requirement. However, responsidble radiation protecticn experts

vill not hesitate to raise maximum values wbich vere estimated with
excessive caution, so long as there are no other objections to this; on
the other hand, the continued maintenance of these values will create
almost !‘nsurmountable difficulties for further technical development
andi freedom of movement.
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Diescussion
Bisa, Grafschaft:

Our Schneeberg lung cancer is evident proof for the toxic-synergistic
affect of aeroscls. We imov that it was necessary after the war to
employ nev vworkers in various uranium mines, some of whom came from
various sections of the country and had held different occupations in the
past. Those vorkers who had been in the aines in the past, that is those
who had absorbed duat in their lungs, and vere not exactly ill as a
result, were finished as far as mining 1s concerned after a few years.
It those who were in the uranium mines for ths first time held out for
a longer period of time and did not reveal damege until after 12 or 13
years. These are the findings of the International labor Office.
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